In Mexico, in the past 30 years, urban solid waste has become a serious problem of environmental pollution and a cross cutting issue. In this sense, the lifestyles of modern societies lead to primary consumer dynamics of various technologies, which include electronic equipment. Once their useful life is finished, they become waste that ends up in open dumps. Likewise, as they are mainly composed of metals, various substances harmful to health and producing toxic gas emission to soil, water, air substances, waste then generate environmental and public health problems that may be of great magnitude that deteriorate both local and regional surroundings. This research study focuses on the evaluation of an e-waste selective collection program called "Reciclatron" that has been developed at higher education, as a case study at the Autonomous University of Nayarit (UAN), Mexico. The methodology consisted of the classification of e-waste considering the stages of collection, characterization, quantification, recovery and reuse, and marketing 3064.95 kg of e-waste were collected, projected to exceed 6 tons in the next edition. This program is an opportunity to promote the culture of prevention, environmental awareness and knowledge in the treatment of waste for both the university community and society as a whole.
Introduction
The technological evolution induced by the highly industrialized countries has generated an extraordinary level of global consumption. Consequently, it has been given more attention and interest in the analysis of environmental problems associated with the rapid growth of urban areas in the world. The state of the environment in some cities in different countries (e.g. Pakistan, China, Nigeria, India, Costa Rica, Peru, Haiti, Nicaragua, and Mexico, among others) is an example of the physical problems associated with the process of their urban development. In this sense, urbanization is attractive because of its close relationship between population growth and living standards. However, this synergy causes a number of multifactorial problems affecting the environment; the amount and characteristics of electronic waste known as "e-waste" are a case in point [1, 2] . This occurs because the current society accelerates the frequency of replacement of electrical and electronic equipment in order to facilitate their daily activities [3] .
Latin American countries adopted the technology of developed countries by ignoring the high initial investment, quality, origin and useful life. This situation helps companies to gain more consumers in a rapidly evolving market. These consumer trends trigger serious economic, social and environmental problems due to the lack of public policies aimed at sound management of e-waste. In this context, social and environmental problems caused by inadequate management of e-waste, must be addressed seriously by all countries; because, electronic waste computer equipment are the main cause of soil pollution in the world, surpassing in just ten years other pollutants that degrade the soil. Mechanisms should be implemented to prevent and mitigate the costs and impacts on the environment and the effects on human health.
Once the electronics equipment has completed its life cycle, they become waste (e-waste), and are kept opencast without any treatment. Note that monitors, keyboards, cable, circuits and drives of computers generate the large volumes of toxic waste. Furthermore, the chips of electronic equipment increase at a rate of 3 to 5% per year, three times faster than municipal waste. Recent studies on the global e-waste generation reports 41.8 million of tons in 2014 and 50.0 million of tons estimated in 2018. It is assumed that the production of current and future ewaste is at its historical maximum estimate due to growing volumes of electronic equipment in disuse [1, 4] . This highlights the multifactorial social problems related to poor management of e-waste.
The lack of mechanisms for collection and containment, and improper handling and management of toxic substances associated with e-waste harm human health and disrupt ecosystems. It is therefore essential to apply chemical physical treatments and a special provision to prevent toxic emissions to the environment. On the other hand, electronic waste contains high value metals like gold, silver, copper, and others that can be recovered and re-used in the production cycle of new technologies. This practice allows electronic waste to be a business and a source of work [5] .
E-waste global contexts
Recent studies estimate that during this decade the developing countries produce twice as much waste as the industrialized countries [6] . Moreover, industrialized countries export e-waste to developing countries under the assumption of recycling and reuse of components. This leads to problems of a socioenvironmental nature [7] .
The United Nations Organization (UNO) in 2006 reported that the generation of e-waste reached 50 million tons, which can increase by 65.4 million tons in 2017.
Moreover, the United Nations Educational, Scientific and Cultural Organization (UNESCO) recognized that the problem of e-waste raises the responsibility of political actors, businessmen and society. It also notes that environmental education in schools is essential to raise awareness among students and their families to take responsibility for the waste they generate. In this sense, the media can raise consumer awareness towards integrated management of ewaste as an important part of the life cycle. Thus, UNESCO considers the problem of electronic waste as a challenge of information societies and knowledge and promotes initiatives for sustainable management [8] .
In Europe most of the electrical and electronic waste is incorporated into municipal waste streams, this means that are disposed of in landfills or incinerated without any treatment. In 1998, the United States of America (US) only recycled 11% of personal computers and 26%.peripherals.
Asia discharges about 12 million tons of e-waste per year. These residues are integrated into municipal waste, as a result of new consumer habits to acquire more frequently, computers, televisions, audio equipment, and printers, among others [4] .
There are agreements on the control of cross-border movements of hazardous wastes and their disposal as ruled in the Basel Convention in 1989 and the Stockholm Convention in 2001. In this context, the flow of e-waste from the US, Canada, Australia, the European Union (EU), Japan and Korea to the Asian countries of China, India and Pakistan is significant. In addition, between 60 and 75% of e-waste in the EU ends in Asia and Africa for recycling and dismantling. Meanwhile, e-waste in Pakistan is imported from the US, EU, Australia, Saudi Arabia, Kuwait, Singapore and the United Arab Emirates, among others. Similarly, Dubai and Singapore serve as centers of e-waste transfer from the EU and US [1] .
Millions of tons in e-waste from developed countries are exported as alleged donations. In this sense, Mexico acts as an electronic landfill to receive electronics from the USA, which is the main waste generator worldwide [4] .
E-waste national contexts
In Mexico, environmental pollution has led damages in people's life quality and its environment. The negative impacts on human health, water, air, and soil pollution are evident. Each region has different characteristics in the use of technologies, sale and production, legal and illegal imports and exports, different management programs for Specific Management for Waste, environmental policies and legislation, among others [3] .
The annual average of e -waste generation in Mexico is 350 thousand tons from which only 10% is recycled, 40% remains stored in residential homes, offices or warehouses and 50% ends up in officials or uncontrolled landfills. The General Law for the Prevention and Management of Waste [9] , lists the e-waste as waste requiring special handling and not as hazardous waste. With this in mind, this regulation delegates each state the responsibility to confine the e-waste through management plans. Furthermore, only 19 out of 32 states have a legislation on waste management. Such states are: Aguascalientes, Baja California, Chiapas, Chihuahua, Federal District, Durango, Guanajuato, Guerrero, Hidalgo, Jalisco, Michoacán, Nuevo León, Puebla, Querétaro, Quintana Roo, Sonora, Tabasco, Tamaulipas and Veracruz [10] .
The Environment and Natural Resources office (SEMARNAT) through the National Institute of Ecology and Climate Change (INECC) reported that 257,000 tons of e -waste were generated in 2006, while in 2010 were 300,000 and 358,000 in 2014, which means an annually growth of 5-7% [11] .
International conventions in waste matter require participation of the Federal Attorney for Environmental Protection (PROFEPA) and state laws. In this context, Mexico must regulate cross-border movements of e -waste, as well as, suitable disposal of products containing polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers. From 2010 to 2015, the PROFEPA has verified more than 598 cross-border movements of electronic waste equivalent to 3,028 tons.
In this sense, the Ministry of Environment and Natural Resources through the Official Mexican Standard NOM-161-SEMARNAT-2011 establishes criteria for classifying waste requiring special handling including electronics (section VIII, paragraph A). In addition, NOM 161 contains an appendix that mentions waste subject to a special management plan (Table 2 ) [12] .
Although Mexican regulation for waste final disposal establishes management plans, once electronic products run their life time, they become waste and end up in landfills and controlled sites in open dumps and/or unknown disposal [11] . This practice demonstrates a high level of ignorance about the environmental damage that they cause and, moreover, the economic benefit that could lead the recovery and recycling of materials contained in the e-waste is lost.
E-waste and environmental pollution
It is estimated that 50% of the e-waste weight corresponds to metals. Steel, aluminum, copper, lead, mercury and precious metals are the main types. The rest of the materials (plastic and glass) are distributed in similar percentages. The most problematic compounds contained in the e -waste are heavy metals, PVC, brominated flame retardants and PCBs. In fact, the environmental impact of e-waste is mainly due to its toxic contents and their mismanagement, causing damages to the environment. It is mentioned in some studies that through an appropriate treatment between 70-90 % of e-waste could be recycled or reused [4] , which represents a benefit.
The role of higher education institutions must be to train professionals in sustainable human development. In response to the problem of inadequate waste management some universities in México have organized collection activities of electronic waste, including the University of Guadalajara, the University of Veracruz, the Autonomous University of Baja California and the Autonomous Metropolitan University (UAM). In the particular case of the UAM, during 2013, 2014 and 2015 were collected 95.681 kg 146.938 kg and 198.751 kg respectively, this increase in collection of e-waste is an indicator of social participation and awareness (SEDEMADF, 2016) .
In this paper, we present the results on the program of selective collection of ewaste called "Reciclatron" which has been implemented in the Autonomous University of Nayarit (UAN) -Mexico with the aim of promoting in the university community and society, mechanisms to promote organized cooperation to improve the environment. 
Methodology
The program of selective collection of e-waste implemented at the Autonomous University of Nayarit, called Reciclatrón, has been seen as a good practice and joint collaboration among the university community in caring for the environment in the terms of management of hazardous solid waste and final destination. The state of Nayarit is located at the central-western region of Mexico. It has an area 27,857 km 2 which corresponds to 1.4% of the country. Its territory is a strip that descends from the Sierra Madre Occidental up to the Pacific Ocean. It includes a coastline of 296 km. Latitudes are 23° 05'-20° 36'N, 103° 43'-105° 46' W. Nayarit has a population of 1,084,979 inhabitants. The city of Tepic is located at the central part of the state. Its surface represents 7.25% of the total area of Nayarit. It has a population of 382,863 inhabitants [14] .
Final disposal at the city landfill in Tepic, which includes e-waste, is the controlled open landfill called the Iztete (Figure 1 ). The lack of controlling mechanisms and plant waste separation, treatment and recycling represents a severe problem of local pollution.
The Reciclatrón consists of a process conformed of five stages: i) collection, ii) characterization, iii) quantification, iv) recovery and reuse, and v) the value chain in the collected e-waste. With the participation of engineering students, the event was organized successfully. The students' participation involved the design of a poster and logo (Figure 2 ) in order to communicate to society through university media and social networks.
The description of each stage of the process is as follows: i)
Collection. During the days and times established for the completion of Reciclatron, students carried out the collection and weight of electronic equipment. These students were also trained on the proper handling of ewaste and possible environmental and health risks if e-waste was handled inadequately. ii) Then, the logistics and responsibilities of each student during the collection process were established. As an incentive for college students. This is an 80-hour workshop that is accredited by the University Office of Teaching, and, it is also recognized as an elective course. iii)
Characterization. During this stage the students' collection was classified following the official Mexican regulation: NOM-161-SEMARNAT-2011. Given this fact, a line of mechanical disassembly of the components was installed. Students manually separated components by following the rules of safety and hygiene. iv) Quantification. After the classification and separation of the components, the separated material was weighed by following the classification presented in Table 2 . v)
Recovery and reuse. The components of electronic equipment were separated. Then, they were classified into different purposes for reuse; thus, engineering students could use them in their labs or for prototyping. vi)
In addition to promoting a culture in the management and disposal of e-waste, this represents an economic and environmental benefit. 
Results analysis
The amounts of e-waste collected in the two editions of Reciclatrón were treated according to the regulations of the Official Mexican Norm: NOM-161-SEMARNAT-2011.
Collection
During this stage, in the first edition 605.87 kg were collected and in the second edition was 2,459.08 kg. This trend suggests that the next edition will exceed 6,000 kg ( Figure 3 ). 
Characterization
The characterization was performed with the regulations (NOM-161-SEMARNAT-2011) on the Specific Management for Waste, which defines eight types of components of e-waste, as can be observed in Table 1 . A notable aspect was the academic benefit of the student community that participates in the process of disassembly of components. By this practice, students acquired knowledge of the design, architecture, and correlation amongst components, which could translate into the classroom to design new projects or develop innovative prototypes.
Quantification
The quantification of e-waste, was made considering the components of the eight groups defined in the legislation. In the first Reciclatrón, were received 605.87 kg of e-waste highlighting materials and components of the groups 1, 2, 4 and 8, with a contribution of 339.78 kg, 78.72 kg, 65.60 kg and 62.50 kg, representing a 56.08%, 13.99%, 10.83% y 10.32%, respectively (as shown in Figure 4 ). In the second edition of Reciclatrón, there were 2,459.08 kg of e-waste, from which the groups 1, 4, 6 and 8 contributed with 1085.20 kg, 722.30 kg, 285.25 kg and 239.37 kg, constituting the 44.13%, 29.37%, 11.60%, and 9.73%, respectively (as shown in Figure 5 ). 
Recovery and reuse
Materials such as scrap metal, plastic, keyboards, sheet iron, cables were recovered; metals such as copper and aluminum, primarily; motherboards and hard drives from which scraps, plastic sheets and wires stand out as indicated Figure 6 . It is noteworthy that the kilograms of recoverable material obtained in the first edition were 37.98 kg raising to 1,546 kg for the second edition. This growth trend suggests that the third edition will achieve in the order of 3,124 kg recoverable for commercialization.
Commercialization
Recoverable e-waste materials were marketed considering their estimated value in the local domestic market. As it can be observed in Table 2 , it shows that the greatest economic resources are obtained from motherboards, scrap copper cables. 
Conclusions
The Reciclatron is an opportunity for college students and society in Tepic as it represents the implementation of strategies to improve the environment. The collection of e-waste in the two editions summed 3.06495 tons which 6 tons expected to be collected in the next edition. The collection was done in compliance with legislation (NOM-161-SEMARNAT-2011) defining the eight types of components of e-waste classification as it is stated in the Special Waste Management. As a straightforward impact, higher education institutions in Mexico can adopt the methodology shown in this work, to help reduce the impacts of e-waste on the environment. Furthermore, this strategy plan could also provide economic and academic benefits for the parties involved. As for quantification, in the first edition there were more desktop computers than other devices. In second place, there were personal computers, printers, copiers and multifunctional devices, monitors and TVs. In the second edition desktop computers predominated as well as monitors and TVs, printers, copiers, multifunctional and play audio and video. In addition, electronic components can be recovered and reused electronic, which have a commercial value. Motherboards, copper and aluminum wires can be of significant revenue in the market. One indicator is that some of the recovered materials have been helpful in developing labs in engineering area. Such programs generate an environmental culture as a link between the society and the students, showing greater involvement and engagement for the care of ecosystems. E-waste recycling, reuse, repair and equipment upgrading are possible strategies that combined can contribute in reducing environmentally harmful materials. Nevertheless, it is commonly expensive to implement such strategies as they require high costs in investment. The management of e-waste is a global priority, therefore, the city of Tepic must develop and implement management plans aimed at electronic waste collection, characterization, quantification, recovery and reuse, as well as the commercialization of the components. Mexico represents an area of opportunity to implement a management model by state, according to the problems and needs in managing e-waste. The linked and coordinated participation of the three levels of government, federal, state and municipal is needed, together with academia, private sector and NGOs to promote in society a culture of sustainability.
